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ABSTRACT
An investigation of Ni-Mg hydrous silicate ores called “garnierites” from the Soroako nickeliferous 
laterite deposits has been conducted by means of optical microscopy, X-ray diffractometry (XRD), and 
;UD\ÀXRUHVFHQFH;5)VSHFWURVFRS\ZLWKWKHDLPVDWGHFLSKHULQJWKHRFFXUUHQFHVPLQHUDORJ\DQG
EXONFKHPLFDOFRPSRVLWLRQRIJDUQLHULWH6DPSOHVZHUHFROOHFWHGHLWKHUIURP:HVW%ORFNRU3HWHD%ORFN
7KH:HVW%ORFNLVPRVWO\RFFXSLHGE\XQVHUSHQWLQL]HGSHULGRWLWHZKHUHDVWKH(DVW%ORFNUHSUHVHQWHG
E\3HWHDDUHDLVFRYHUHGE\PRGHUDWHO\WRKLJKO\VHUSHQWLQL]HGSURWROLWK7KH¿HOGREVHUYDWLRQDQG
PLFURVFRSLFDQDO\VLVLQGLFDWHWKDWWKHJDUQLHULWHLQWKH:HVW%ORFNRFFXUVLQWKHWKUHHPRGHVLVOLFN-
HQVLGHGIDXOWFRDWLQJLLIUDFWXUH¿OOHGYHLQVDQGLLLPDWULFHVLQFRQJORPHUDWLFSHULGRWLWH:KLOHLQWKH
3HWHDDUHDWKHJDUQLHULWHLVRQO\IRXQGDVYHLQ¿OOLQJIUDFWXUHV5HVXOWVRI;5'DQDO\VLVH[KLELWWKDW
JDUQLHULWHIURP6RURDNRLVPDLQO\FRPSRVHGRINHUROLWHSLPHOOLWHWDOFZLOOHPVLWH1LVHUSHQWLQHDQG
sepiolite-falcondoite series. Nickel content of the garnierite samples studied by means of XRF methods 
UDQJHVIURPWRZW7KHZLGHYDULDWLRQRI1LFRQWHQWLQWKHDQDO\]HGJDUQLHULWHVDPSOHVLVOLNHO\
FDXVHGE\WKHSUHVHQFHRIJDQJXHPLQHUDOVSDUWLFXODUO\TXDUW]VLOLFDDQGWUDFHDPRXQWRILURQR[LGHV
Keywords: garnierite, peridotite, kerolite, sepiolite, nickeliferous laterite
SARI
Suatu penelitian bijih Ni-Mg hidrous silikat yang dikenal dengan “garnierit” pada endapan nikel laterit 
Soroako telah dilakukan dengan menggunakan metode mikroskopi optis, XRD, dan XRF dengan tujuan 
untuk menguraikan keterdapatan, komposisi mineralogi, dan kimia garnierit. Percontoh garnierit 
diambil baik dari blok barat maupun Blok Petea. Blok Barat terutama disusun oleh batuan peridotit 
tak terserpentinisasi, sedangkan Blok Timur yang diwakili oleh daerah Petea ditutupi oleh protolit 
dengan tingkat serpentinisasi sedang sampai tinggi. Penelitian lapangan dan analisis mikroskopi 
menunjukkan bahwa garnierit pada blok barat terdapat dalam tiga bentuk yaitu: lapisan tipis pada 
bidang rekahan dan patahan, sebagai bahan pengisi rekahan atau urat, dan sebagai matriks pada 
peridotit konglomeratan. Sementara pada Blok Petea, garnierit hanya dijumpai dalam bentuk urat. 
Hasil analisis XRD menunjukkan bahwa komposisi mineral garnierit Soroako terdiri atas seri kerolit-
pimellit, seri talk-wilemsit, Ni-serpentin, dan seri sepiolit-falkondoit. Kadar nikel pada percontoh 
garnierit yang ditentukan dengan metode XRF memperlihatkan nilai antara 1,8 - 19,2%. Variasi ini 
mungkin disebabkan oleh keterdapatan mineral gang terutama kuarsa/silika dan sedikit oksida besi.
Kata kunci: garnierit, peridotit, kerolit, sepiolit, laterit nikel 
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INTRODUCTION
Nickel laterite deposits contribute to 
DURXQGRIZRUOG ODQGEDVHGQLFNHO
UHVRXUFHVKRZHYHUWKH\RQO\DFFRXQWIRU
DERXW  RI WKH FXUUHQW JOREDO QLFNHO
SURGXFWLRQV &UXQGZHOOet al., 2011). In-
donesia is one of the four largest nickel 
ODWHULWHRUHSURGXFLQJFRXQWULHVZKHUHWKHVH
deposits are mostly located in the eastern 
UHJLRQV VXFK DV 6XODZHVL +DOPDKHUD
Gag, and Waigeo Islands. These Nickel-
LIHURXV ODWHULWH GHSRVLWV LQ 6XODZHVL FDQ
EHIRXQGDW6RURDNR3RPDODD%DKXGRSL
$VHUDDQG%XWRQ7KHVHGHSRVLWVDUHW\SL-
FDOO\ IRUPHGE\ DQ H[WHQVLYHO\ FKHPLFDO
ZHDWKHULQJSURFHVVHVRISHULGRWLWHVLQWKH
tropical condition. Nickel laterite ores are 
FODVVL¿HGLQWRWKUHHW\SHVDFFRUGLQJWRWKH
GRPLQDWLRQRI1LEHDULQJPLQHUDOV%UDQG
et al(OLDV)UH\VVLQHWet al., 
 QDPHO\ VLOLFDWH FOD\ DQG R[LGH
RUHV7KH GHSRVLWVZKLFK DUH QRZ EHLQJ
H[SORLWHG IURP 6RURDNR LQFOXGH QLFNHO
VLOLFDWHVZKHUHJDUQLHULWH LV WKHSULQFLSDO
Ni-bearing materials.   
Garnierite is a collective term for Ni-Mg 
hydrous silicate minerals that is commonly 
used by mine geologists.  It is characterized 
E\JUHHQFRORXUQRQVZHOOLQJDQGKLJK1L
content (Proenza et al., 2008). Garnierite 
is eventually not a mineral approved by 
&RPPLVVLRQRI1HZ0LQHUDODQG0LQHUDO
Names (CNMMN), but it occurs as intimate 
PL[WXUHV RI WZR RUPRUH RI WKH IROORZ-
ing minerals: serpentine, talc, sepiolite, 
VPHFWLWHDQGFKORULWH%ULQGOH\DQG+DQJ
(1973) suggested that many garnierites are 
WKHPL[WXUHVEHWZHHQ   OD\HU VLOLFDWHV
(serpentine-like phase) and 2 : 1 layer sili-
FDWHWDOFOLNHSKDVHZLWKEDVDOVSDFLQJRI
7 Å and 10 Å respectively. Recent studies 
RIJDUQLHULWHPLQHUDORJ\DQGFKHPLVWU\ZHUH
reported by Wells et al. (2009) and Tauler 
et al. (2009). 
The objectives of this paper are to describe 
the mode of occurrence of garnierites, to 
analyze their mineralogical and chemical 
composition of some garnierite samples col-
lected from the Soroako nickeliferous laterite 
PLQLQJGLVWULFWDQGWRH[SORUHWKHSRVVLEOH
HIIHFWRIVHUSHQWLQL]DWLRQGHJUHHRIXOWUDPD¿F
protolith as host for garnierite mineralization. 
GEOLOGICAL SETTINGS
The rock assemblages occupied Soroako 
DUHDDQG LWV VXUURXQGLQJFDQEHFODVVL¿HG
LQWRIRXUJURXSVLPHWDPRUSKLFFRPSOH[
(ii) tectonite rocks, (iii) Mezosoic sedimen-
WDU\VHTXHQFHVLLL8OWUDPD¿FFRPSOH[HV
and (iv) Tertiary sediments (Simandjuntak 
et al., 1991) (Figure 1).
7KHXOWUDPD¿FURFNVDW6RURDNRLVDORZHU
VHTXHQFHRI(DVW6XODZHVL2SKLROLWH(62
ZKLFK LVPDLQO\ FRPSRVHG RI KDU]EXU-
JLWHZLWKOHVVHUOKHU]ROLWHDQGORFDOO\GXQLWH
(Kadarusman et al (62 LVRQHRI
WKH ODUJHVW RSKLROLWHPDVVLYH LQ WKHZRUOG
DORQJZLWK2PDQDQG3DSXD1HZ*XLQHD
(Monier et al., 1995). It covers an area of ap-
SUR[LPDWHO\NP2ZLWKDWKLFNQHVVRI
DERXWP7KHGLVWULEXWLRQRIPD¿FDQG
XOWUDPD¿FURFNVLQHDVWDQGVRXWKHDVWDUPV
RI6XODZHVLLVIRXQGDVLVRODWHGEORFNVDORQJ
WKHZHVWHUQFRDVWRI%RQH*XOIDQGHDVWFRDVW
RI7ROR*XOIH[WHQGLQJWR%DWXL0RXQWDLQWR
the north (Surono and Sukarna, 2001).
In Soroako and Petea areas that have been 
H[SORUHGLQPRUHGHWDLOE\37,1&2QRZ
PT. Vale Indonesia), the rocks commonly 
VKRZFRDUVHJUDLQHGZLWKS\UR[HQHEURQ]-
LWHHQVWDWLWH XVXDOO\ VKRZLQJ XS DV ODUJH
bronze-colour crystals. With the increas-
ing degree of serpentinization, the colour 
of the rock generally gets darker (Ahmad, 
2OLYLQHLVSUHGRPLQDQWPLQHUDOVZLWK
VPDOOHU DPRXQWV XS WRRI RUWKRS\-
UR[HQHDQGOHVVHUDPRXQWVXSWRRI
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FOLQRS\UR[HQH7KHUDWLRRIRUWKRS\UR[HQH
WRFOLQRS\UR[HQH2S[&S[LVJHQHUDOO\
JUHDWHUWKDQWZR7KHRULJLQDORSDTXHPLQ-
HUDOV LQFOXGH FKURPLWH DERXW ZKLOH
VHFRQGDU\PDJQHWLWHLQZHOOVHUSHQWLQL]HG
URFNVFDQUHDFKXSWRDQGLVORFDOL]HG
in thin veinlets or along the edges of relic 
olivine crystals, or distributed as dissemi-
QDWLRQV %DELQHDX 7KHPDJQHWLF
susceptibility of the rock and the degree of 
serpentinization are correlated.
7KHXOWUDPD¿FURFNVDOVRVKRZVLJQVRIH[-
tensive deformation on the basis of crystal 
IDEULFZLWKLQWKHYLFLQLW\RIIDXOWVSDUWLFX-
larly major thrust faults in the peripheral 
DUHDVWKDWVHSDUDWHWKHXOWUDPD¿FURFNVIURP
the surrounding sediments. 
SAMPLES AND METHODS
Fourteen garnierite samples have been col-
OHFWHGIURPPLQHVLWHVGXULQJWKH¿HOGZRUN
They comprise eight samples gathered from 
:HVW%ORFN DQGRWKHU¿YH VDPSOHV WDNHQ
IURP3HWHDEORFN6DPSOHVZHUH DQDO\]HG
using optical microscopy, X-ray diffractom-
HWU\;5'DQG;UD\ÀXRUHVFHQFH;5)
spectroscopy.
0LFURVFRSLFREVHUYDWLRQRIWKHVDPSOHVZDV
SHUIRUPHGXQGHUWUDQVPLWWHGDQGUHÀHFWHG
light mode by means of Nikon Eclipse LV 
32/PLFURVFRSH0LQHUDORJLFDODQDO\-
VLVXVLQJ;5'WHFKQLTXHZDVFDUULHGRXWE\
a Rigaku RINT 2000 X-ray diffractometer 
ZLWKLQFLGHQW&X.ĮUDGLDWLRQDWN9DQG
P$7KH SDWWHUQV RI GLIIUDFWLRQZHUH
REWDLQHGE\VFDQQLQJSRZGHUVIURPo
șZLWKVFDQQLQJVWHSDWo and counting 
time 4o/minute. Whole rock chemical analy-
VLVRISRZGHUVDPSOHVSUHSDUHGLQYLEUDWLQJ
PLOORQSUHVVHGSHOOHWVZDVSHUIRUPHGE\
a Rigaku RIX 3100 X-ray fluorescence 
VSHFWURPHWHUZLWK;UD\ WXEHRSHUDWHG DW
N9DQGP$$OOWKHVHDQDO\VHVZHUH
conducted at Laboratory of Economic Geol-
ogy, Department of Earth Resources Engi-
neering, Kyushu University, Japan.
)LJXUH6LPSOL¿HGJHRORJLFDOPDSRI6RURDNR$UHDPRGL¿HGDIWHU6LPDQGMXQWDNet al., 1991).
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RESULTS AND DISCUSSION
The Occurrence and Microscopic Features
2Q WKHEDVLVRI WKH¿HOGDSSHDUDQFHRI
WKHJDUQLHULWHVLQFOXGLQJFRORUWH[WXUHDQG
crosscutting relationship, their occurrences 
may be distinguished into three types: (i) 
WKLQOD\HUJDUQLHULWHZLWKLQIUDFWXUHVMRLQWVRU
VOLFNHQVLGHGIDXOWFRDWLQJLLIUDFWXUHV¿OOLQJ
materials or veins, and (iii) matrices on peri-
dotitic conglomerate (Figure 2). Garnierites 
LQWKH6RURDNR:HVW%ORFNFRPPRQO\VKRZ
medium green colour and they appear as thin 
OD\HUV)LJXUHDRUIUDFWXUH¿OOHGYHLQV*DU-
nierite also formed as en echelon vein arrays 
GHYHORSHGRQZHDWKHUHGSHULGRWLWH )LJXUH
EZKHUHDVLQWKH3HWHD%ORFNJDUQLHULWHV
JHQHUDOO\H[KLELWSDOHJUHHQFRORXU¿EURXV
and soft materials (Figure 2c). They can be 
WUDFHGDORQJWKHIDXOWSODQHVZKHUHVWULDWLRQV
are also common to be found at Ni laterite 
mines. In the case of fault planes that formed 
at saprolite zones closed to bedrocks, they 
DUHXVXDOO\ FRDWHGZLWK¿EURXVYHLQV WKDW
QRUPDOO\JURZRQWKHURFNVGXULQJWHQVLRQ
crack opening (crack seal mechanism). In 
JHQHUDOJDUQLHULWHVDUHPRUHH[WHQVLYHRF-
FXUULQJLQWKHZHVWEORFNWKDQLQWKH3HWHD
block. Garnierite is also found as cements/
matrices in fault gouges or as garnierite 
matrices in peridotitic conglomerate (Figure 
G,WRFFXUUHGZKHQ1LVDWXUDWLRQUHDFKHG
previously formed the brecciation zone. The 
presence of garnierite clasts indicate tectonic 
remobilization of the veins.
Figure 2. Field appearances of garnierite ores in Soroako. a. garnierite occurs as slickensided fault coating on 
ZHDWKHUHGSHULGRWLWHDW.RQGH+LOOEJDUQLHULWHIRUPHGDVHQHFKHORQYHLQDUUD\VRQZHDWKHUHGSHULGRWLWHDW
6XPDVDQJ+LOOF1LULFKVHSLROLWHYHLQZLWKSDOHJUHHQFRORURQKLJKO\ZHDWKHUHGVHUSHQWLQL]HGSHULGRWLWHDW
3HWHD%ORFNG0HGLXPWRGDUNJUHHQJDUQLHULWHDVPDWULFHVRQFRQJORPHUDWLFSHULGRWLWHDW:DZRQR+LOO
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Results of microscopic analysis indicate 
WKDWPRVWJDUQLHULWHVKRZFROORIRUPEDQG-
LQJZLWKFRQFHQWULFJURZWKRUSDUDOOHOZLWK
alternating light and dark bands (Figure 3a). 
,Q WKH IHZDQDO\]HG VDPSOHV¿QHJUDLQHG
crystals of magnetite have been found to be 
GLVSHUVHG LQ SDUDOOHOZLWK EDQGGLUHFWLRQV
(Figure 3b). Vuggy quartz or silica veins are 
VRPHWLPHVSUHVHQWDVIUDFWXUH¿OOLQJDQGWKH\
crosscut or parallel to the colloform banding 
ZLWK¿EURXVQHWZRUN)LJXUHF7KH¿EURXV
materials are common features observed 
microscopically developed on the garnierite 
VDPSOHVIURP3HWHD%ORFN)LJXUHG
Mineralogy
Result of XRD analysis reveals that garnier-
LWHVIURP6RURDNRKDYHZLGHUDQJHYDULDWLRQ
LQPLQHUDORJ\7DEOHKRZHYHUWKH\FRP-
PRQO\WHQGWREHWKHPL[WXUHVEHWZHHQWDOF
OLNHSKDVHVDQGVHUSHQWLQHOLNHSKDVHV7ZR
series of talc like-phases have been identi-
¿HGZLWKLQ WKH VWXGLHG VDPSOHV QDPHO\
NHUROLWHSLPHOOLWHVHULHVZKLFKLVLQGLFDWHG
E\ WKH SUHVHQFH RI WKH EURDGZLWK VWURQJ
EDVDOVSDFLQJDWcZKHUHDVWKHUHÀHF-
WLRQLQWHQVLW\ZLWKEDVDOVSDFLQJDWcLV
DGLDJQRVWLFSHDNRIWDOFZLOOHPVHLWHVHULHV
1LVHUSHQWLQHV DUH LQGLFDWHG E\ UHÀHFWLRQ
)LJXUH3KRWRPLFURJUDSKVRIVHOHFWHGJDUQLHULWHVDPSOHVIURP6RURDNRD*DUQLHULWHVKRZLQJWKHFRQFHQWULF
FROORIRUPEDQGVEDOWHUQDWLQJEDQGVRINHUROLWHSLPHOLWHDQG1LVHUSHQWLQHZLWK¿QHJUDLQHGPDJQHWLWHFU\V-
WDOVEODFNFWKHODWHIRUPHGYXJJ\TXDUW]VLOLFDYHLQFURVVFXWWKH¿EURXV1LULFKVHUSHQWLQHDQGG1LULFK
VHSLROLWHGLVSOD\LQJ¿QHO\¿EURXVDJJUHJDWHGHYHORSHGRQVHUSHQWLQL]HGSHULGRWLWH
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at 7.10Å and 7.33Å, possibly chrysotile 
RU OL]DUGLWH HQGPHPEHUV+RZHYHU LW LV
GLI¿FXOWWRGLVFULPLQDWHVHUSHQWLQHVSHFLHV
GXHWRWKHVLPLODUUHÀHFWLRQDQGJHQHUDOO\
GLIIUDFWLRQSDWWHUQVVKRZRYHUODSSLQJ0RVW
analyzed samples indicate the presence of 
TXDUW]RUVLOLFDZLWKUHÀHFWLRQDWc7KH
LURQ R[LGHV SRVVLEO\PDJQHWLWH DUH SUHV-
HQWLQIHZVDPSOHVLQWUDFHDPRXQW2WKHU
PLQHUDOVVXFKDV1LVPHFWLWHDQGS\UR[HQH
ZHUH DOVR GHWHFWHG LQ WUDFH DPRXQWV7KH
strongest lines around 12 Å observed from 
3HWHDVDPSOHVFOHDUO\H[KLELWWKHH[LVWHQFH
of sepiolite-falcondoite series. 
Whole Rock Chemistry
Chemical compositions of garnierite sam-
ples determined by XRF are presented in 
7DEOH 7KH6L22 DQG0J2DUH WKH WZR
GRPLQDQWPDMRUR[LGHVUDQJLQJIURPWR
ZWDQGWRZWUHVSHFWLYHO\
9DULDWLRQRI6L22 is dependent on mineral-
ogical composition particularly the presence 
of quartz or amorphous silica. In addition, 
the differences in layer silicates of minerals 
containing in garnierites may also contribute 
WRLQFUHDVH6L22 concentrations. 
0DJQHVLXP WHQGV WR VKRZ QHJDWLYH FRU-
UHODWLRQZLWKQLFNHO7KLVFDQEHH[SODLQHG
E\WKHH[FKDQJHUHDFWLRQRIWKRVHHOHPHQWV
ZKHUH0JU cKDVUHODWLYHO\VLPLODU
DWRPLFVL]HZLWK1LU c,WLVWKHUHIRUH
H[SHFWHGWKDW1L2+ZRXOGHDVLO\UHSODFHVIRU
VL[FRRUGLQDWH0J2+ (Faye, 1974). Ratio of 
1L0J2ZRXOGGHWHUPLQHWKHFRPSRVLWLRQDO
limit that can be used to provide the termi-
nology of garnierite solid – solution series. 
)RUH[DPSOH1LDQG0J2FRQWHQWRIVDPSOH
$6DUHDQGZWUHVSHFWLYHO\
%HFDXVH1L0J2 UDWLR RI WKLV VDPSOH LV
more than 0.5, then the better match for the 
QDPHZRXOGEHIDOFRQGRLWH6LPLODUO\WKH
1L0J K\GURXV VLOLFDWH RI VDPSOH.2
could be assigned to pimellite, a solid solu-
WLRQRINHUROLWHZKLFKLVDQDORJXHWRK\GURXV
talc. Nickel concentrations of all samples are 
KLJKO\YDULDEOH UDQJLQJEHWZHHQZW
DQGZW
7KH)H2FRQWHQWRIVDPSOHVIURP6RURDNR
ZHVWEORFNUDQJHVEHWZHHQDQGZW
DYZWZKLOHVDPSOHVIURP3HWHDWHQG
WREHORZHUZWH[FHSWIRUVDPSOH
3%KDYLQJKLJKHUFRQWHQWZW7KH
presence of tiny magnetite crystals likely 
can contribute to increase the iron concen-
tration in analyzed samples. 
The concentration of Al223 in both Soroako 
ZHVWEORFNDQG3HWHDJDUQLHULWHVDPSOHVDUH
JHQHUDOO\ORZZWZLWKH[FHSWLRQRI
WZRVDPSOHVIURP:HVW%ORFNQDPHO\.2
Table 1. Mineralogical Composition of Soroako Garnierite Samples analyzed by XRD Method
Minerals/
phases
Sample Code
Garnierite from Soroako West Block Garnierite from Petea Block
KO1 SU2 WW3 WW-4 KO4 IN1 KR1 AN4 SG4 PG1 PG3 PG4 AS6 PB5
Kerolite-
pimellite - ++ +++ ++ +++ - ++ - + - - +++ - ++
Talc-
ZLOOHPVHLWH ++ - - - - +++ - - - - - ++ - +++
Ni-serpentine + + ++ ++ ++ + +++ + +++ +++ +++ - +++ -
Smectite - - - - - ++ - +++ - - - - - -
Quartz - +++ - +++ ++ ++ - - + + + + + -
3\UR[HQH ++ - ++ - - - - + - - - - - -
,URQR[LGHV - - - - + - + - + - - - - +
1RWHVPDMRU!ZWPLQRU±ZWWUDFHZWQRWGHWHFWHG
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DQG$1%RWKRI WKHVH VDPSOHV FRQWDLQ
anomalous Al223 RI ZW DQG 
ZWUHVSHFWLYHO\$FFRUGLQJWR;5'GDWD
VDPSOH.2LVFRPSRVHGRIWKHPL[WXUHEH-
WZHHQ1LULFKVHUSHQWLQHOL]DUGLWHQHSRXLWH
VHULHV1LNHUROLWHDQGS\UR[HQHUHOLFZKLOH
sample AN-4 contains predominantly Ni-
ULFK VPHFWLWHZLWKPLQRU VHUSHQWLQH7KH
high Al223FRQWHQWRIVDPSOH.2PD\EH
related to the presence of “brindleyite”, a 
nickel-rich aluminous serpentine (Maksi-
PRYLFDQG%LVK,QWKHFDVHRIVDPSOH
AN-4, the high concentration of Al223 could 
be derived from decomposition of Al-rich 
smectite (beidellite) and partly originated 
from serpentine. 
0RVWO\ VDPSOHV DOVR FRQWDLQ ORZ&D2
FRQFHQWUDWLRQ H[FHSW IRU VDPSOH.2
ZW DQG$1 ZW7KH
¿UVW VDPSOH SRVVLEO\ FRQWDLQV UHPQDQW RI
&DULFKS\UR[HQH7KHKLJKHU&D2FRQWHQW
LQ VDPSOH$1 FRXOGEH DVVRFLDWHGZLWK
VPHFWLWHVWUXFWXUH2WKHUPDMRUR[LGHVVXFK
DV7L220Q21D22DQG.22DUHYHU\ORZ
ZW
Water content of garnierite is highly vari-
DEOH7KHDYHUDJHRI/2,IURP:HVW%ORFN
VDPSOHVLVPXFKORZHUWKDQ3HWHD
VDPSOHV7KHVHYDOXHVDUHGHSHQ-
dent on mineral proportions in the samples. 
The presence of anhydrous phases such as 
Table 2 Whole Rock Chemistry of Garnierite Samples from Soroako determined by XRF.
Composition
(wt %)
Sample ID
Unserpentinized Peridotite 
(West Block)
Serpentinized Peridotite 
(Petea Block)
KO-1 SU-2 WW-3 WW-4 KO-4 IN-1 KR-1 AN-4 SG4 PG-1 PG-3 AS-6 PG-4 PB-5
6L22 44.95  50.08  48.39   48.48  50.07 49.19   
7L22 0.01       0.01 0.01     
Al223 23.28 0.10 0.20 0.42 0.49 0.11  11.21 0.04 0.05 0.10 0.87 0.11 0.24
)H2 1.80 1.45 3.70 2.98 9.27 1.87 3.93 0.42  0.28 0.40 0.15 0.28 
0Q2 0.03 0.02 0.07 0.05 0.14 0.02   0.20 0.01  0.01 0.07 0.11
0J2   22.15 19.84   28.70 15.82 35.79 20.81 20.81  8.87 31.94
&D2 4.33 0.02 0.09 0.01 0.43 0.02   0.01  0.02 0.02  0.03
Na22 0.13           0.02  
K22 0.02 0.02 0.03 0.01 0.01 0.01  0.01    0.01 0.01 0.01
P225 0.01 0.01 0.01 0.01 0.01 0.01  0.01 0.01  0.01  0.01 0.01
H22 8.94 10.71 13.28  7.74  10.38 9.09  23.40 24.57 11.80  10.59
Total  oxides 96.86 91.08 89.63 97.23 80.15 91.85 89.41 87.64 97.99 94.62 95.10 84.93 84.43 95.67
Zn 0.05 0.14 0.17 0.03 0.41 0.12 0.17 0.25 0.02 0.01 0.07 0.08 0.49 0.05
Cr 0.04 0.03 0.11 0.08 0.30 0.05 0.05  0.25  0.01 0.01  0.17
Ni 2.96 8.73 10.10 2.66 19.11 7.90 10.19 12.01 1.75 5.25 4.75 14.85 14.68 4.10
Co (ppm) 24  78 59 157 28 87 20 191  5 7 44 104
6L220J2  4.10  3.29 3.54 3.53    2.41  8.28 7.75 
 Ni/
1L0J2 0.18  0.31 0.12 0.58 0.30  0.43 0.05 0.20 0.19   0.11
)H2DVVXPHGDVWRWDOLURQ
Majalah Geologi Indonesia, Vol. 27 No. 1 April 2012: 1-11
8
TXDUW] DQG S\UR[HQH FOHDUO\ GHFUHDVH WKH
PRLVWXUHFRQWHQW,QDGGLWLRQZDWHUFRQWHQW
of talc and serpentine is different. Pure talc 
ZW+22KDVPXFKORZHUWKDQVHUSHQ-
WLQH ZW+227KH H[WUDRUGLQDULO\
high moisture content of samples PG1 (23.4 
 DQG3*  IURP3HWHD%ORFN
DUHLQJRRGDJUHHPHQWZLWKWKHSUHVHQFHRI
sepiolite (Weaver and Pollard (1973).
Precipitation of Garnierite
Soroako nickeliferous laterite deposits are 
FODVVL¿HG DV1L0JK\GURXV VLOLFDWH W\SH
and the principal Ni-bearing phases are 
hydrated silicates occurring in the form of 
veins, fracture coating, and clasts or matri-
ces components of the breccias. They are 
H[WHQVLYHO\GHYHORSHGRQKLJKO\IUDFWXUHG
of unserpentinized peridotites. 
)LHOG REVHUYDWLRQ DQG WH[WXUDO HYLGHQFHV
LQGLFDWH WKDW JDUQLHULWHV DW 6RURDNRZHVW
EORFNKDYHEHHQSUHFLSLWDWHGDWOHDVWLQWZR
HSLVRGHV7KHHDUO\IRUPHGYHLQW\SHZDV
RULJLQDWHGIURPVROXWLRQVGHULYHGE\ZHDWK-
HULQJSURFHVVPDLQO\RI1LEHDULQJROLYLQH
ZKHUHDVWKHODWHIRUPHGFODVWVPDWULFHVW\SH
could be originated from dissolution of the 
early-formed vein type and other Ni-bearing 
phases.
7KHH[LVWHQFHRIFROORIRUPEDQGVFRXSOHG
ZLWKSRRUO\FU\VWDOOL]HGPDWHULDOVDV LQGL-
cated by XRD patterns suggests that garni-
erites have been precipitated from colloidal 
VXVSHQVLRQZLWK ORZ WHPSHUDWXUH RULJLQ
%ULQGOH\et al., 1977).
Variations of mineralogy observed in the 
garnierite samples may indicate the episodic 
changes in chemistry of solution particularly 
activities of Si, Mg, and lesser Al (Golightly, 
1981). The presence of discrete magnetite 
FU\VWDOVLQDVVRFLDWLRQZLWKJDUQLHULWHLPSO\
WKDWJDUQLHULWHVZHUHIRUPHGLQDUHODWLYHO\
KLJKR[\JHQIXJDFLW\FRQGLWLRQ6RQJet al., 
1995). Precipitation of garnierite is possible 
LQWKHORZHUSUR¿OHGXHWRWKHFKDQJHVLQS+
RIVROXWLRQ$WWKHXSSHUSUR¿OHZHDWKHULQJ
VROXWLRQLVVOLJKWO\DFLGLFS++RZHYHU
DW WKH ORZHUSUR¿OH WKHS+RI VROXWLRQ LV
VOLJKWO\DONDOLQHS+!GXHWRWKHURFNZD-
ter interaction (Taylor and Eggleton, 2001). 
The occurrence of quartz replacement may 
EHUHVXOWHGIURPDSHULRGLFGU\ZHWFRQGL-
tion or from a retarded drainage in a more 
acid environment (Golightly, 1981). During 
the dry season, silica concentrations are very 
high (Harder, 1977). The pH of solution is 
VOLJKWO\ DFLGLFZKHQ LW FRQWDPLQDWHZLWK
humid substance, therefore the precipitation 
of silica is possible.
*DUQLHULWHDWWKH3HWHD%ORFNLVFKDUDFWHU-
L]HGE\WKLQDQGGLVFRQWLQXRXVYHLQVZKLFK
are mainly composed of sepiolites. Their 
occurrences are rare and generally hosted 
LQVOLJKWO\ZHDWKHUHGVHUSHQWLQL]HGSHULGR-
tite.  Sepiolite-falcondoite has been found 
WR EH DVVRFLDWHGZLWK DPRUSKRXV VLOLFD
rather than quartz, indicating more alkaline 
HQYLURQPHQWDO IRUPDWLRQ %LUVR\ 
Neoformation of sepiolite is most favored 
ZKHUH WKHZHDWKHULQJ VROXWLRQ LV VOLJKWO\
alkaline (pH: ~8.0 to ~9.5), high (Mg+Si)/
$O UDWLR DQG ORZ P&22 (Galan and Pozo, 
<DOFLQDQG%R]ND\DVXJJHVWHG
that sepiolite can be formed directly from 
dissolution of serpentine in the presence of 
DPRUSKRXVVLOLFDZLWKORZHU$ODFWLYLW\DV
WKHIROORZLQJUHDFWLRQ
8Mg3Si2252+4 + H46L24 Æ  Mg8Si122302+2)4.8H22
serpentine  sepiolite
Fibrous aggregates of sepiolite morphology 
and banded veins of kerolite-pimellite are 
typical of crack seal crystallization. This is 
considered the evidence of episodic crack 
RSHQLQJGULYHQE\RVFLODWLRQLQÀXLGSUHV-
sure (Wiltschko and Morse, 2001). Pressure 
VROXWLRQ LV HVVHQWLDOO\ WKH SURFHVVZKHUH
minerals dissolve as result of the pressure 
H[WHUQDOO\ DSSOLHG WR WKHP7KHPLQHUDOV
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under pressure are more susceptible to dis-
solve than unstressed minerals (Cluzel and 
Vigier, 2008). Transport of material from 
dissolution site to precipitation site may take 
SODFHE\GLIIXVLRQDOPDVVWUDQVIHU%RQVDQG
Jessel, 1997). 
In general, the scarcity of garnierites occur-
ULQJDWWKH3HWHD%ORFNDVFRPSDUHGWRWKH
:HVW%ORFNPD\ LQ SDUW EH FRQWUROOHG E\
differences in physico-chemical properties 
RIXOWUDPD¿FSURWROLWKDQGWKHLUZHDWKHULQJ
products. Peridotite bedrocks at Soroaoko 
ZHVWEORFNDUHXQVHUSHQWLQL]HG7KHVHURFNV
are characterized by medium- to coarse- 
JUDLQHGDQGPDVVLYH+RZHYHUWKHLUKLJKHU
IUDFWXUHLQWHQVLWLHVDUHSURQHWRZHDWKHULQJ
thereby released the Ni ion into solution. 
7KHIUDFWXUHVDUHDOVRDFWLQJDVSDWKZD\VWR
DOORZWKHUDSLGSHUFRODWLRQRI1LVDWXUDWHG
VROXWLRQ GRZQZDUG DQG SUHFLSLWDWH DW WKH
EDVHWRIRUP1LK\GURXVVLOLFDWHYHLQVZKHUH
condition becomes slightly alkaline.
2QWKHFRQWUDU\WKHEHGURFNVDW3HWHD%ORFN
typically consist of the highly serpentinized 
SHULGRWLWHVZLWK ¿QHJUDLQHG WH[WXUH DQG
VKRZLQJDEHWWHUFRKHVLRQ3HOOHWLHU
This properties may preclude precipitation 
of garnierite veins because Ni2+LQZHDWKHU-
ing solution is readily adsorbed onto crystal 
surfaces or substitutes for Mg2+ in octahedral 
sites of serpentine structures.
CONCLUSIONS
2Q WKH EDVLV RI SUHYLRXV GLVFXVVLRQ WKH
FRQFOXVLRQVFDQEHZLWKGUDZQDVIROORZV
Garnierite at Soroako occur as thin layer or 
VOLFNHQVLGHGIDXOWFRDWLQJDV IUDFWXUH¿OO-
ing materials or veins, and as matrices in 
peridotitic conglomerate.
Talc-like phases (kerolite-pimelite and talc-
ZLOOHPVHLWH VHULHV VHUSHQWLQH OL]DUGLWH
nepouite series), and sepiolite-falcondoite 
series are the main Ni-bearing minerals 
LGHQWL¿HG LQJDUQLHULWHVDPSOHV7KHSUHV-
ence of quartz or amorphous silica in the 
PRVWDQDO\]HGVDPSOHVFDQKDYHVLJQL¿FDQW
contribution to the high silica-magnesia 
ratio of mined ores in particularly of the 
:HVW%ORFN
Nickel concentrations of all analyzed sam-
SOHV DUH KLJKO\ YDULDEOH UDQJLQJ EHWZHHQ
ZWDQGZW7KH\VXJJHVW WKH
presence of gangue minerals as impurities 
PDLQO\TXDUW]VLOLFDDQGLURQR[LGHV
Precipitations of garnierite are not only 
controlled by environmental conditions 
S+(KJURXQGZDWHUFKHPLVWU\EXWRWKHU
factors such as lithology (serpentinization 
degree of protolith) and structures (fracture 
intensities and tectonic reactivation) may 
also be responsible for the rates and intensi-
ties of garnierite formation.
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